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REGIMES OF WORK AND TYPES OF WIND-DRIVEN ELECTRIC POWER
INSTALLATIONS FOR RURAL REGIONS

Candidate of Technical Sciences V. R. Sektorov
VIESKh (All-Unicn Scientific-Research Institute
of Rural Electrification)

ABSTRACT

The efficlency of regimes of work of wind-metoér relectric gen- /33%
' §f€fing_§ets; working in'a system jointly with other power sta- |
tlons, with constant and variable speed of rotation of the wind-

mill, is compared. A method is given for evaluating the possible
percentage of participation of wind-driven installations in the
poWerfﬁsupply of rural regions, based on the future :power. balan-
ces of the regions and the technical conditions for the operation
of wind-driven installations.

Recently new technical possibilities have been discovered
for the use of wind-imotor electric generating sets in joint work with
otherkggéw@rf stations * in one electrical system. Soviet priority
-for a wind—mdtdréiécﬁ%i&ééﬁératihgséﬁ;ﬁdfiingiéféilélwithezhighimmer
system, was established in 1931 with the construction of an
experimental installation in the Crimea, which worked with an
asynchronous generator and yielded into the total network up to
120 kW, - Ten years later, in 1941, a unit was built in the
U.S.A. which worked on a similar scheme with a synchronous genera-
tor, combined with a windmill with the aild of a hydraulic clutech.

The latter, Iin view of its difficulty of operation for a small
installation, makes such a system unpromising for broad distri-

bution.
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Compariscon of regimes of work of a wind-driven electric power

station with constant and variable angular velocity of the

windmill. Along with constant adoption of the work of a windmill
in a regime with constant angular meiOQity, which is usual for
steam and water turbines and other primary engines used in po-
‘wer . staticns, in wind-driven technology there is also another
tendency~-to adapt the scheme for generaftion of electrical energy
to the optimal aerodynamic regime of the windmill, which is a
regime with variable speed of rotation-and a constant modulys of
speed. This regime requires, however,for'maintainiﬁg a. .
constant frequency:, in principle, a new and more complex type of
generator or complex system of transmission from the engine to
the generator.

The author undertoock an attempt to compare the efficiency

of these two regimes in regard to power,

in the work of a windmill with constant angulEprvél¢City.

- _ wR

=,
rrgpresenting the ratio of the .circular veloeity of the end of the

(thé first regime)'the high-speed modulus efthe engine z =

blade @R to the speed of the wind v, increases at low wind speeds,
while the utilization factor of the energy of the wind decreases
(Fig. 1, first part of the curves), and,therefore,low wind speeds
are used with poor £.

. With varilable angular velocity (second regime) and a corres-
ponding ideal selection of the characteristic of the generator
(Fig. 2}, the engine can work in a constant modulus-z and a maximum
€ at all working speeds of the wind, as a result of which in work
in a system with high power, an increase in annual generation is
obtained.

For engines with rotating blades, there is also possible an

improved regime of work for.a constant number of revolutions
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with a variable /initial adjustment of the aerodynamic setting,
corresponding to a change in the angle of the salls -toward the
relative current of the wind. This regime requires automatic
changing of this angle depending on the speed of the wind. With
engines which regulate by means of stabilizers, it is charac-
terized by & change in the quantity a of the adjustmeht of the ..
aerodynamic setting of the salls {corresponding to a change in
the angle between the chords of the transverse sections of the
blade and the stabilizer. With this regime (Fig. 1, curve for
the D-30 with & variable) low wind speeds are used with higher &
than with the %irst basic regime.
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Fig. 1. Curves for windmills. a-- amount characterizing the
adjustment of an aerodynamic setting of the windmill. :
{¥A11 Union Scientific Research Institute of Rural Mechanlzation
and Electrification--Main Administration of.the Northern Sea,
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A series of scﬁemes are known which produce the second
regime of work of the system, such as: a scheme with an engine
working with a synchronous generator through an intermediate
hydraulic drive, consisting of a pump and a hydroturbine; schemes
for frequency transformation, consisting of several electrical
machlines, schemes with generation of direct current and its
transformation into alternating current, etc. All of these are
relatively complex, especially for low-power installations, and
they are characterized by significantly lower efficiency than a
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schenme with a synchronous generator directly connected with a
windmill. The decrease in efficiency, which is evident with all
lcads, can lower or even completely reduce. the elffect obtalned
with this regime from improving & of fthe engine at low wind

speeds,
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Fig. 2. Curves of the D-18 system with various regimes of work.
R, =10 and R_ = 8-~ adjusted capacities of the system with
gorrespending calculations of v,

The number of hours per year at low wind speeds and the
correspbnding percentage of the annhual generation of the wind-

. motor electric generating sets by the wind, by virtue of the existing (
laws for the annual distribution of these speeds, depends on the
amount of average annual wind speed, inhcreasing when it

decreases. As a result of this, the increase i1n generation

pessible.dn the second or the improved first regimes of work of
fﬁﬁﬁatﬁﬁﬁbréiectficgeﬁératingﬁets1milldependcn1ﬂu3windconditionsv}



of the region in which the installation 1s working, i.e., on the

amount of the average annual norml of wind speed VavV
A comparison of the regime of work of wind-metor electric.génerat-

ing se&ts! in power generation was made for a rgnge of average wind

speeds from 4 to 8 m/sec over a period of years, which embraces

the greater part of wind conditions encountered in practice. For

all caleculations, the author adopted the following conditions:

1. Calculated responses of the high-speed wind =
engine D-18 VIME-GUSMP, with regulatlon of the rotation of the
end of the blade with the help of a stabilizer. This engine,
produced recently in an experimental series, is at present the
most sultable of the existing ones in type and power for electri-
fication of agricultural regions. The results of the calculations
made on the basis of its characteristics are applicable both to
englnes of the same type with a different dlameter of the 52Ils -
and to other types of engines which have similar aerodynamic'
characteristics of the 82ils. .

2. The calculated wind speeds, corresponding power of the
system set-up, and the number of rotations of the 82i1ls< per
minute are optimal for the given wind speed v for maxihum annual
generation. The optimal number of revolutions per minute is
limited by the extreme surrounding speed at the ends of the
blades, adopted as 45 m/sec.

3. The "r.m.s. véigéhrnijforfthé“ééégﬁdwfegimé_ofhwork_' 2
was given in three variations: a) n2’ls equal to the corresponding
efficiency of a synchronous generator (n,= ng); b) n:is lower
than it by 0.05; ¢) n,is lower by 0.10. It was accepted

lThe average velocity Vg ~at the helght of the center of a wind
wheel of 20~30 m under c¢oOnditions of plain terrain will be 20-30%
greater than according to the data of the meteorological network,



conditionally that the relationship of ny to the load is the same

as for ng.

4, The distribution of wind speeds 1s according to Gulien-

Yemtsov,

The results of the calculations are given in the form of
curves In Fig. 3., The increase in generation was taken iIn regard
to the first regime., According to the curves, it ls evident that
greater effectiveness from use of low.wind speeds may be obtained
in regions with low average annual wind speeds. In work with a
variable speed of revolution in a constant module and n: = Ne
{curve 1), the maximum increase in generation in a range of
average speeds Vév"from 4 to 8 m/sec may constitute from 3%  to
254, In regions with average wind speeds Vo, = 5.5-6 m/sec, in
which wind-motor electric generating sets may be more widespread, the )
increase in generation may amount to up to 10%. When nz is
lowered by 0.05, an increase in generation is possible only when
vaw = S.S-m/sec, and at high average wind speeds it is completely
compensated for by a decrease in na, . When nz. 1s decreased by
0.10, a small increase in generation will take place only in
regions with low wind speeds in the order of v, = 4 m/sec, where
wind-motor €lectric’ generating sets will be bullt very rarely.

In case of the use of windmills with other types ofSai?Su“i“iﬁﬁ
which differ from those adopted by us as normal, the effect of |
increase in generation in the second regime of work of the wihd—
‘motor electric generating sets will also depend on the aerodynamic’
efficiency and form of the aerodynamic curve of the sails.  The
worse the quality of the ~-sails and the steeper the fall in the ?
curve in the right part at large modules (Filg. 1), corresponding
to work at constant speed of rotation at low wind speeds, the
more favorable 1s the work with variable speed and constant & =

gmaX' For example, for salls  of the old type of the D-30 system



(1931), which have amax = 0.24 with a steep curve (L. 2), the
curve 6 of increase in generation with a varisble number of
revolutions will lie significantly higher than curve 1 for the

D-18 system with normal parameters of the -sails.

In a case where the use of a synchronous generator makes it
necessary to change the normal aerodynamic characteristics of a
windmill, which has a possible influence on the amcunt of the
annual generaticn of a windimotor_electricugeﬁérating set
towards reducing it somewhat, the limits of suitability cof the
use of the second regime of work are somewhat expanded, but
nevertheless 1n the range of comparatively high average wind
speeds whilch interests us, taking into account the necessary

reduction of n, its characteristics will not be optimal.

In order to determine the increase in generation with an
improved first regime cof work, corresponding experimental charac-
teristics of the D-18 engine are reguired, which so far are
lacking. Curve 5 is constructed Tor this regime approximately on
the basis of comparison with curves_6 and 7, which relate to the
D-30 engine of the previousg design. The increase in gensration
in this regime when Yév'= 5 m/sec can be only about 5%, but when
it 1z possible to use an uncomplicated device for gutomatically
changing the initial  adjustment * of the aerodynamic setting
of the engine, the use of thils regime for engines with revolving
blades may be expedlent, despite the small amount of increase in
generation obtained. ‘

The profitability of the use of one or another of the regimes
of work of wind-driven electric stations discussed is determined
in the final analysls by economilce calculation, considering both
the amount of generation of electrical energy with a concrete
value of ngand the degree of reliability of the equipment in
operation and its cost.
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Fig. 3. Curves of increase in genervation, depending on the average

S Ermudl wind veéleeity(in régard to the regime *o‘f‘tH-“é’“D“-’IS"xi’ﬁi’t‘“ﬁﬁé‘ri‘”"j
n and a are constant). 1
D-18 (£ = 0.36): 1l--n is varilable, z 1s constant,n:= Ns3 2--n is vari-i
able; rectified response, n,=Ng; 3~-a is variable, z is constant,n.=

Ng ~ 5% Yeoen is variable, =z is consbant,n, - 11%; 5—-nn;s cons%a t,
"& 1S variable (I comparison té curves T, D= SO%E =07 23) 6-="nT18"Vari-
able, z is constant, n,=ng; f~- n is constant, a is variable
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The use of a speclal generator for work with a windmill with
variable speed of rotation may become very suitable 1f it will be
possiblie to use 1t with a windmilil of a simplified type, with
firmly attached blades without aerodynamic regulation, which
would not be overloaded at high wind speeds. One of the possible
designs for such a generator is conceived as closely related %o
the collector generator working with frequency transformation,
proposed by Prof. M. P. Kostenko for work with a hydroturbine -
;i?]; The use of theserésources: may lead to significant reduction
ih welght, simplification, and reduction in cost of the engine,
the weight and cost of which has decisive significance for the



economy of the entire system as a whole. It is possible that it
will be expedient to expand the range of speeds of rotation of
such a generator, due to low wind speeds.

The participation of wind-driven installations in the elec-

frical supply of agricultural regions. The second task of this

article is an attempt to evaluate the prospects for the percentage
of participation of wind-powered installations in the energy
supply of agricultural regions.

The calculation of potential energy resources of the wind
from 1 km® of territory, determined for average wind speeds,
ylelds enormous amounts., For example, when Vouw = 5 m/sec, the
average annual power from 1 km® is obtained as equal to about 120
kW against the energy volume of agriculture measured in kilowatt
unitg. By virtue of the specific characteristics of wind energy,
consisting of its dispersion and inconstancy, the potential
resources of the wind do not correspond at all to the real jalel1d
sibilities £0r their use.

In evaluating the real amounts of possible use of wind /36
energy in agriculture, besides the basic features of wingd energy
indicated, limiting the possibilities forits use, it is necessary
also to take inte account the following factors: 1) the amount
of the energy volume of the technological consumption of the
regions; 2) the use of other types of local energy resources for
offeetting .the - load: and also of regional systems; 3) the
degree of coinceidence of load_éfapgs'wi@g;gggigraphs.of_ ’ ST
cutput of wind-driven installations by the wind; 4) the economic

" profitability of the parallel use of wind-motor electric generating set |
with other electric statlons depending on wind conditions of the
given region; 5) the technical level of development of wind-

| metor electric menerating sets and the conditions for their parallel
. work with other statiocns.



Consequently, the percentage of possible participation of
wind-powered installations in the energy supply of agricultural
regions may be evaluated by composing prospective energy balances
in which, 1n the first place, the use of local resources of
hydrcenergy of small rivers and local fuel must be stipulated.
The use of fuel transported over a long distance, esgpecially of
01l products, for burning in local power installations, is inad-
missible from the point cf view of expediency for fthe natlonal
cconomy. The use of winﬁ‘energy as an additicnal power source of
iocal energy must be developed in those regions which are defi-
clent in local energy resources, which possess sufficlently high
wind speeds, in the order of Vay = 4.5~5 m/seec (gaccording to the
data of the meteorological network).

As is known, due to unevenness of output of w1nd~motor

' 919ctr1c zeneratlngsetsovertlme their offsettlng the load schedule
in parailel work with other electrical stations is possible onliy

in kilowatt hours. In regard to installed capacity, {
they must be duplicated by other electric staticns. For this

same reasgson, completely éfﬁicient use of wind-driven installations
1s possible only 1n a case where the hours of their work by the

wind coincide with the load schedule, and the total  installed
-c_a_aé,—c:LtV of the wind-motor electrlc generatlng set does not exceed the |
minimum 24-hour load schedule, which, for an agricultural energy
system with some regulation of load, may be taken as 25% of the

maximum.

" The economic profitability of wind-motor electric generating J
consists in & reduction in total operational expenditures in the
energy system, caused by a saving of fuel, a reduction in the
radiuses of 1its delivery with a decrease in demand for 1t and

- from a possible increase in installed capacity and an increase_in
the use of parallel -working regulatlng ‘hydrostations [17. ] The

A e —— i —— e ey R e e e )
i

presence of hydroelectrlc stations may in some cases inerease the

uge of the current of water by several times. \
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The cost of wind energy in regions with average wind speed
on the order of 4.5 m/sec, without considering the reduction in
energy cost of other stations with the work of wind-notor: elec—

“tric generating sets,will be less than the energy obtained from local §

thermal statlions.

~ The use of wiﬂd—motorelectricgeneratingsetseﬂ:thepresenttim¢
was-féétedAﬁith an asynchrbnous generator 1n parallel work with a
'ﬁjgﬁ—g§wgp_syste@._¥fﬁ the werk of wind-motor electrlc generating 7
sets with a local system of equal power, the guestion arises of
-‘the quality of the energy obtained'cérrespOﬂding to the norms
of allowable deviation of frequency from the nominal in oscilla-
" tions of output of wind-motor electric generating sets. Accordingjto
preliminary calculaﬁions of the VIESth;based on conditions
allowable in rural systems of frequency oscillations of 10%, wind-
. motor electrlc generating sets, working;in parallel with the |}
local system, may cover up td 30% of the active lcad of the
network with the work of thermal engines and hydroturblnes without
regulators of revolutions, and from 50-100% when there are regu-
lators, depending on fhe quality of the regulators and the iner-
tial constant system [4].

The question of the stabllity of the work of wind-motor elec-
), tric generating set with the use of synchronous generators 1s in
the stage of study. But at present, based on & simple electrical
§Eﬁ§m3§$ﬁdfm¢motor electric generating sets with an agynchrous }
generator, we can accept, with verificaticn in the future by
experiment, the admissible ratio of installed capacities of wind-
motor electric generating sets and the local system for some kind ¢f
average amount within thé'above—indicated limits, i.e., on the

order of 0.25., Suc¢h an ameunt of installed capacity of wind-

‘; ,fotor electric generating sets was adopted with the supposition {that.
25% of the other primary éngines working in the system have 3
sufficiently small amount of inertialconstant and high-quality

#A11-Union Scientific Research: Ingstitute of Rural Electfiﬁication
1l



regulators of revolutions, while ?5% of the engines work without
regulators, which under the conditions of rural electrical sta-
tions iséctuél. The ratio adopted, furthermore, ensures 100% of

‘Eﬁéﬁgé?ﬁftﬁggnergycﬂ?windfhotofeleotricgenera%ingsetswhen B
the schedule of their output by wind coincides with the load
schedule.

'ﬁTﬁéparticip&tiohkﬁ“wind—mot6fEIecﬁpicggnefatingsetg_m‘_)

covering the load accordling to energy with an average number of

hours of -use ‘of T__ = 1,800 and T, .= 2,800 is expressed as ]

es ~Teys
_ 0.25.1800.100%
(Elecweg/Elecsys) « 100% 5800

With power of the local systems of from 100 to 1,000 kW., the

' wind-motor electric generating sets can be based on systems with

= 16%.

exlsting diameters of wind wheels D-18 and D-30, with an installed
capacity according to generators, depending onﬁvévg of from 30 to
150 i h

For increasing the share of participatiocn of wind energy in
covering of the load, several production processes of agriculture,
which permit work according to a flexible schedule (such as
milling of grain, feed preparation, spraying, etc.) which can
constitute a total of about 15% of the stationary use, may be
expediently transferred to work by wind-driven installations with
mechanical drive, using for this purpose D-12 and D~18 engines
with 10-30"KkW “of power,

Networks fed from powerful regional stations, both existing
ones and those which are to be bullt, from which the remaining
agricultural load not covered by loc¢al energy systems must be
fed, also must be joined in regions with favorable wind conditions
S TTTES d tertain ninber of T 1arge wind-motor electric generating sets with
' a diameter of the Sails*ion the order of the D-50 and an installed
capacity of 700-1,000 kw}? The total power from these windéﬁbtor

éléctrig_genégéfiﬁé"EEES"méﬁ"beftékéh’éé’é@ﬁéi to up to 30% of 7

12



the maximum agricultural part of the load, based on the amount of

the annual minimum of the load schedule of 50% by deducing the

power of electric stations working according to an obligatory

schedule. The percentage of participation of wind-motor -electric
 génerat1n¢setsjricovéringjﬂnaloadScheduleaccérdingTKJenergyanalo}

gous to the previous calculation will in this case amount to

about 20%.

in certain regions with strongly developed local systems,

‘éﬁélﬁé?ticipati&ncﬁ‘thewind—motorei@ctric genersting sets in the
local systems in regard to the absolute amount of output will bé
significant, but, in an average system, in regard to total energy
consumption, it will be small. Thus the total participdtion of
wind-powered stations of all types, including those with mechani-
cal drive, in covering the demand for agricultural regions, may
constitute, on the average, about 1/3 of the tdtal of the stationary
consumption.

Of all the electrical energy produced by wind-motor electric,

‘generating sets, 80% should be obtained from wind-motor electric |
[ﬁgﬁérétihglsété'jqined'ﬁgfpowerfﬁiAbegiohéiﬁnetwbrks, which consti-
tutes 50% of the entire energy which can be obtained from wind-

driven installiations.

Conclusions. 1. The regime of work of wind-motor electric

geﬁggéfingéétéwithvafiéblesﬁeedofimmétionandzlconstantnmq@lusﬁf

-the windmill does not have substantial advantages for increasing the
‘énerévéﬁfbﬁtﬁﬁ{édébﬁﬁﬁbfﬁettérdsetﬁ“ldeindspéedsbeforethereg;me
with constant speed of rotation.

2. Research work on the use of special types of generators
for work with a windmill with wvariable speed of rotation must be
connected with the possibility ofusing for wind-motor electric i
 generating sets cheap windmills with firmly atfached blades witHout

13



any setting, thus making improvement in the use of low wind speeds
merely a aide task.

3. An evaluation of the possible future percentage of
participation of wind—powered units in covering the loads of
agricultural regions may be done on the basis of study of the
power consumption demand and local energy resources taking into
account the technical possibilities for the use of wind-driven
devices.

4, Wind-driven units must find use in those agricultural
regions of the U.S.S5.R., where there are favorable wind conditions
and a deficiency 1n other local energy resources, working as :wihd-~

rmggéfwélectric generating sets in regional and local systems, and |
also in the form of small- and medium-sized devices with mechani-

cal drive.

14
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